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Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory

Run-6 pC polarimetry analysis 1



Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Outline

1. QA analysis

2. Scan measurements: luminosity/polarization profile

3. Preliminary results from p C

4. Comparison with Jet-preliminary

5. Summary
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Dead-layer history
Silicon strip dead-layer: obtained by fitting ToF vs . Energy
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Goal:
10 µg/cm2 strip-by-strip stability ⇒
≈ 3% systematic error in P (due to DL)
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Strip anomalies

Strip anomaly checks

I C mass–energy correlation

I C mass position

I C mass width

I Number of events in banana
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Strip anomalies

C mass–energy correlation
I 0.001 GeV/keV limit ⇒≈ 3-4% E resolution ⇒≈ 3% syst. in P
I Removed strips � 0.001 GeV/keV: very few (2–3 strips in 3–4 runs)
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Strip anomalies

C mass position error

I 0.5 GeV deviation ⇒ ∆ToF=1 ∼ 1.25 ns and ⇒≈ 3% in P

I Removed strips with deviations 0.5 GeV (only 9 runs affected)

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000

1200

7609.005 : Invariant Mass (nocut) for Strip-13 mass_nocut_st13
Entries  284917609.005 : Invariant Mass (nocut) for Strip-13 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 20

-1

-0.5

0

0.5

1

7609.005 : Invariant Mass (nocut) for Strip-14 mass_nocut_st14
Entries  0

7609.005 : Invariant Mass (nocut) for Strip-14 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-15 mass_nocut_st15
Entries  303717609.005 : Invariant Mass (nocut) for Strip-15 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-16 mass_nocut_st16
Entries  297267609.005 : Invariant Mass (nocut) for Strip-16 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

7609.005 : Invariant Mass (nocut) for Strip-17 mass_nocut_st17
Entries  302707609.005 : Invariant Mass (nocut) for Strip-17 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-18 mass_nocut_st18
Entries  306487609.005 : Invariant Mass (nocut) for Strip-18 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-19 mass_nocut_st19
Entries  303757609.005 : Invariant Mass (nocut) for Strip-19 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

7609.005 : Invariant Mass (nocut) for Strip-20 mass_nocut_st20
Entries  299097609.005 : Invariant Mass (nocut) for Strip-20 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-21 mass_nocut_st21
Entries  300597609.005 : Invariant Mass (nocut) for Strip-21 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

1400

7609.005 : Invariant Mass (nocut) for Strip-22 mass_nocut_st22
Entries  297247609.005 : Invariant Mass (nocut) for Strip-22 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

7609.005 : Invariant Mass (nocut) for Strip-23 mass_nocut_st23
Entries  294637609.005 : Invariant Mass (nocut) for Strip-23 

Mass [GeV/c^2]
0 2 4 6 8 10 12 14 16 18 200

200

400

600

800

1000

1200

7609.005 : Invariant Mass (nocut) for Strip-24 mass_nocut_st24
Entries  283717609.005 : Invariant Mass (nocut) for Strip-24 
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Strip anomalies

C mass width error

I “Double peak” due to electronics jitter

I Very small effect in P: 1% from 2-σ to 3-σ cut

I No strips disabled due to this error
(backgrounds are low and only a few strips show this problem)
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Strip anomalies

Number of events in banana
I Limit set at ±20% of the average
I Some strange cases found (4 runs, eg. below), not undestood
⇒ runs removed
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Bunch anomalies

Bad bunch asymetries
Only seen in 3 runs removed: associated with pC DAQ problem
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Bunch anomalies

Hot bunches
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Seen in around 30 fills:
I Disabled very hot bunches (like bunch 20)
I Bunches slightly above average considered OK

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

An example: run 7654.005

Horizontal scan (vertical target)

Target position (mm)
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 / ndf 2χ  6.481e+04 / 12
Prob       0
Constant  0.0003432± 1.088 
Mean      0.0002217± 115.7 
Sigma     0.0001497± 0.8216 

 / ndf 2χ  6.481e+04 / 12
Prob       0
Constant  0.0003432± 1.088 
Mean      0.0002217± 115.7 
Sigma     0.0001497± 0.8216 

Rate vs target position

Horizontal width ∼ 0.8 mm

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Changes in beam position/width within a fill: 7780-Yellow
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Fill 7780 Yellow: Beam width  vs time
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7780.101 : Rate vs Taret Postion
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7780.102 : Rate vs Taret Postion
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7780.113 : Rate vs Taret Postion

IPM emittance check (by Haixin) showed this is not real ⇒
target position problem

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Vertical scans

Vertical profile: fill summary

Horizontal scan Vertical scan
Blue Yellow Blue Yellow
133 144 15 6 ← TOTAL

7940 7940
7944 7944

7949 200 GeV (long)
7952 7952
7954 7954
7957 7957
8036
8047
8049
8052
8054 62 GeV (trans)
8055
8056
8058
8059
8061

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Vertical scans

Vertical scans: 200 GeV – blue & yellow

Target position (mm)
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Rate vs target position: 7944.002  / ndf 2χ  6.977e+05 / 10
Prob       0
Constant  0.0003458± 1.074 
Mean      0.0008095± 146.4 
Sigma     0.0004306± 2.098 

 / ndf 2χ  6.977e+05 / 10
Prob       0
Constant  0.0003458± 1.074 
Mean      0.0008095± 146.4 
Sigma     0.0004306± 2.098 

Rate vs target position: 7944.002
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Rate vs target position: 7952.002  / ndf 2χ  1.156e+06 / 14
Prob       0
Constant  0.0002664± 0.8861 
Mean      0.0009201± 145.9 
Sigma     0.0003899± 1.965 

 / ndf 2χ  1.156e+06 / 14
Prob       0
Constant  0.0002664± 0.8861 
Mean      0.0009201± 145.9 
Sigma     0.0003899± 1.965 

Rate vs target position: 7952.002
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Rate vs target position: 7954.002  / ndf 2χ  9.171e+05 / 13
Prob       0
Constant  0.0002672± 0.8935 
Mean      0.0007413± 146.1 
Sigma     0.0003493± 1.955 

 / ndf 2χ  9.171e+05 / 13
Prob       0
Constant  0.0002672± 0.8935 
Mean      0.0007413± 146.1 
Sigma     0.0003493± 1.955 

Rate vs target position: 7954.002
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Rate vs target position: 7957.002  / ndf 2χ  7.76e+05 / 14
Prob       0
Constant  0.0002768± 0.9221 
Mean      0.0006939± 146.1 
Sigma     0.000331± 1.861 

 / ndf 2χ  7.76e+05 / 14
Prob       0
Constant  0.0002768± 0.9221 
Mean      0.0006939± 146.1 
Sigma     0.000331± 1.861 

Rate vs target position: 7957.002

Again,
target position problem

Target position (mm)
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Rate vs target position: 7944.102  / ndf 2χ  3.212e+06 / 15
Prob       0
Constant  0.0003252± 1.296 
Mean      0.0003797± 155.1 
Sigma     0.0001566± 1.612 

 / ndf 2χ  3.212e+06 / 15
Prob       0
Constant  0.0003252± 1.296 
Mean      0.0003797± 155.1 
Sigma     0.0001566± 1.612 

Rate vs target position: 7944.102

Target position (mm)
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Rate vs target position: 7949.102  / ndf 2χ  2.695e+06 / 15
Prob       0
Constant  0.0003367± 1.299 
Mean      0.0003867± 155.1 
Sigma     0.0001548±  1.59 

 / ndf 2χ  2.695e+06 / 15
Prob       0
Constant  0.0003367± 1.299 
Mean      0.0003867± 155.1 
Sigma     0.0001548±  1.59 

Rate vs target position: 7949.102
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Rate vs target position: 7952.102  / ndf 2χ  2.583e+06 / 15
Prob       0
Constant  0.0003352± 1.319 
Mean      0.0004024± 155.2 
Sigma     0.0001669± 1.643 

 / ndf 2χ  2.583e+06 / 15
Prob       0
Constant  0.0003352± 1.319 
Mean      0.0004024± 155.2 
Sigma     0.0001669± 1.643 

Rate vs target position: 7952.102
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Rate vs target position: 7954.102  / ndf 2χ  2.056e+06 / 15
Prob       0
Constant  0.00031± 1.088 
Mean      0.0004331± 155.3 
Sigma     0.0001973± 1.672 

 / ndf 2χ  2.056e+06 / 15
Prob       0
Constant  0.00031± 1.088 
Mean      0.0004331± 155.3 
Sigma     0.0001973± 1.672 

Rate vs target position: 7954.102

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Vertical scans

Vertical scans: 62 GeV – blue

Target position (mm)
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Rate vs target position: 8036.002  / ndf 2χ  4.591e+04 / 18
Prob       0
Constant  0.0001425± 0.3153 
Mean      0.0007046± 147.6 
Sigma     0.000555± 1.731 

 / ndf 2χ  4.591e+04 / 18
Prob       0
Constant  0.0001425± 0.3153 
Mean      0.0007046± 147.6 
Sigma     0.000555± 1.731 

Rate vs target position: 8036.002

Target position (mm)
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Rate vs target position: 8047.003  / ndf 2χ  1.683e+04 / 18
Prob       0
Constant  0.0001257± 0.2559 
Mean      0.0008645± 147.6 
Sigma     0.0007732± 1.919 

 / ndf 2χ  1.683e+04 / 18
Prob       0
Constant  0.0001257± 0.2559 
Mean      0.0008645± 147.6 
Sigma     0.0007732± 1.919 

Rate vs target position: 8047.003
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Rate vs target position: 8049.002  / ndf 2χ   7153 / 18
Prob       0
Constant  0.0001222± 0.2394 
Mean      0.000831± 147.6 
Sigma     0.0006901± 1.787 

 / ndf 2χ   7153 / 18
Prob       0
Constant  0.0001222± 0.2394 
Mean      0.000831± 147.6 
Sigma     0.0006901± 1.787 

Rate vs target position: 8049.002
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Rate vs target position: 8052.002  / ndf 2χ  4.47e+04 / 19
Prob       0
Constant  0.0001282± 0.2448 
Mean      0.000894± 147.5 
Sigma     0.0007927± 1.872 

 / ndf 2χ  4.47e+04 / 19
Prob       0
Constant  0.0001282± 0.2448 
Mean      0.000894± 147.5 
Sigma     0.0007927± 1.872 

Rate vs target position: 8052.002
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Rate vs target position: 8054.002  / ndf 2χ  3.129e+04 / 19
Prob       0
Constant  0.0001438± 0.3102 
Mean      0.0006909± 147.5 
Sigma     0.0005876± 1.697 

 / ndf 2χ  3.129e+04 / 19
Prob       0
Constant  0.0001438± 0.3102 
Mean      0.0006909± 147.5 
Sigma     0.0005876± 1.697 

Rate vs target position: 8054.002
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Rate vs target position: 8055.002  / ndf 2χ  5.791e+04 / 19
Prob       0
Constant  0.0001527± 0.3336 
Mean      0.0006593± 147.6 
Sigma     0.000576± 1.663 

 / ndf 2χ  5.791e+04 / 19
Prob       0
Constant  0.0001527± 0.3336 
Mean      0.0006593± 147.6 
Sigma     0.000576± 1.663 

Rate vs target position: 8055.002
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Rate vs target position: 8056.002  / ndf 2χ  2.128e+04 / 19
Prob       0
Constant  0.0001311± 0.272 
Mean      0.0009217± 146.1 
Sigma     0.0008226± 2.012 

 / ndf 2χ  2.128e+04 / 19
Prob       0
Constant  0.0001311± 0.272 
Mean      0.0009217± 146.1 
Sigma     0.0008226± 2.012 

Rate vs target position: 8056.002
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Rate vs target position: 8059.002  / ndf 2χ  9.386e+04 / 14
Prob       0
Constant  0.000219±   0.4 
Mean      0.0008274± 147.2 
Sigma     0.0008312± 1.608 

 / ndf 2χ  9.386e+04 / 14
Prob       0
Constant  0.000219±   0.4 
Mean      0.0008274± 147.2 
Sigma     0.0008312± 1.608 

Rate vs target position: 8059.002
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Rate vs target position: 8061.003  / ndf 2χ  3.965e+04 / 19
Prob       0
Constant  0.0001841± 0.307 
Mean      0.000825± 146.2 
Sigma     0.000784± 1.637 

 / ndf 2χ  3.965e+04 / 19
Prob       0
Constant  0.0001841± 0.307 
Mean      0.000825± 146.2 
Sigma     0.000784± 1.637 

Rate vs target position: 8061.003
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization profile

An example: run 7654.005 (200 GeV)

Horizontal scan (vertical target)

Target position (mm)
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 / ndf 2χ  6.481e+04 / 12
Prob       0
Constant  0.0003432± 1.088 
Mean      0.0002217± 115.7 
Sigma     0.0001497± 0.8216 

 / ndf 2χ  6.481e+04 / 12
Prob       0
Constant  0.0003432± 1.088 
Mean      0.0002217± 115.7 
Sigma     0.0001497± 0.8216 

Rate vs target position
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Polarization vs target position
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization profile

A whole fill: polarization vs. target position
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Polarization vs target position
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization profile

Polarization vs. target position: some combined fills

Target position (mm)
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 / ndf 2χ  7.334 / 7
Prob   0.3949
Constant  0.01184± 0.6167 
Mean          0± 115.7 
Sigma     0.8048± 3.852 

 / ndf 2χ  7.334 / 7
Prob   0.3949
Constant  0.01184± 0.6167 
Mean          0± 115.7 
Sigma     0.8048± 3.852 

Fill 7780 Blue: polarization vs target position

Mean: 115.6 +/- 0.4

Sigma: 3.8 +/- 0.9
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 / ndf 2χ   13.5 / 7
Prob   0.06085
Constant  0.008546± 0.5858 
Mean          0± 104.9 
Sigma     0.4689± 3.799 

 / ndf 2χ   13.5 / 7
Prob   0.06085
Constant  0.008546± 0.5858 
Mean          0± 104.9 
Sigma     0.4689± 3.799 

Fill 7780 Yellow: polarization vs target position

Mean: 104.9 +/- 0.2

Sigma: 3.8 +/- 0.5
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 / ndf 2χ  2.641 / 4
Prob   0.6197
Constant  0.01074± 0.6625 
Mean          0± 117.2 
Sigma     9.608±   7.5 

 / ndf 2χ  2.641 / 4
Prob   0.6197
Constant  0.01074± 0.6625 
Mean          0± 117.2 
Sigma     9.608±   7.5 

Fill 7851 Blue: polarization vs target position

Mean: 118.1 +/- 1.1

Sigma: 4.9 +/- 3.0
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 / ndf 2χ  7.043 / 6
Prob   0.3169
Constant  0.009148± 0.6488 
Mean          0±   104 
Sigma     0.3258±  2.74 

 / ndf 2χ  7.043 / 6
Prob   0.3169
Constant  0.009148± 0.6488 
Mean          0±   104 
Sigma     0.3258±  2.74 

Fill 7851 Yellow: polarization vs target position

Mean: 103.7 +/- 0.1

Sigma: 2.6 +/- 0.3
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization vs . rate fit

Polarization vs . rate fit

Fit polarization vs. rate to extract r = (σL/σP )2

L = Lmax · e
−x2

2σ2
L

P = Pmax · e
−x2

2σ2
P

 ⇒ P = Pmax · (L/Lmax)(
σL
σP

)2

I Fit of P vs L/Lmax
I Pmax and r = (σL/σP )2 are the 2 free parameters of the fit

I Only r is needed for correcting for polarization profile
(no need of σL and σP separatedly):

I Correction peak-to-average for Jet:
√

1 + r

I Correction peak-to-average for experiments: 1/
√

1 + r/2
Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization vs . rate fit

Fill 7788 – blue: luminosity profile

Fill showing good (gaussian) luminosity profile

108 110 112 114 116 118 120 1220

0.2

0.4

0.6

0.8

1

1.2

 / ndf 2χ  1.986e+05 / 12
Prob       0
Constant  0.0003315± 1.049 
Mean      0.000204± 115.3 
Sigma     0.0001768± 0.761 

 / ndf 2χ  1.986e+05 / 12
Prob       0
Constant  0.0003315± 1.049 
Mean      0.000204± 115.3 
Sigma     0.0001768± 0.761 

7788.001
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 / ndf 2χ  1.72e+05 / 13
Prob       0
Constant  0.000309± 0.8847 
Mean      0.0002178± 115.2 
Sigma     0.000187± 0.7294 

 / ndf 2χ  1.72e+05 / 13
Prob       0
Constant  0.000309± 0.8847 
Mean      0.0002178± 115.2 
Sigma     0.000187± 0.7294 

7788.002
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 / ndf 2χ  2.041e+05 / 12
Prob       0
Constant  0.0002829± 0.8422 
Mean      0.0001995± 115.3 
Sigma     0.0001759± 0.6953 

 / ndf 2χ  2.041e+05 / 12
Prob       0
Constant  0.0002829± 0.8422 
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization vs . rate fit

Fill 7788 – blue: comparison of two methods
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r=0.20 +/- 0.04
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 / ndf 2χ  78.67 / 55
Prob   0.01981

  maxP  0.0199± 0.6269 
 2)Pσ/Lσ(  0.04897± 0.1777 

/ndf  =  78.8 / 562χ

r=0.18 +/- 0.05

Both methods (P vs tgt.-pos. & P vs rate) are consistent

Carlos Muñoz Camacho, for the CNI group Los Alamos National Laboratory

Run-6 pC polarimetry analysis 21



Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization vs . rate fit

Fill 7949 – yellow: luminosity profile

Fill showing “weird” luminosity/intensity profile
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Prob       0
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Mean      0.0004407± 155.3 
Sigma     0.000188± 1.637 

7949.105
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Polarization vs . rate fit

Fill 7949 – yellow: comparison of two methods

Target position (mm)
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Prob   0.9446
A         0.0197± 0.5664 
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Fill 7949 Yellow: pol vs tgt pos

/ndf  =  20.7 / 82χ

  =  1.68 mmLσ

r=0.06 +/- 0.05
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 / ndf 2χ  32.82 / 53
Prob   0.9867

  maxP  0.01755± 0.5836 
 2)Pσ/Lσ(  0.07002± 0.2861 

 / ndf 2χ  32.82 / 53
Prob   0.9867

  maxP  0.01755± 0.5836 
 2)Pσ/Lσ(  0.07002± 0.2861 

/ndf  =  46.0 / 542χ

r=0.29 +/- 0.07

P vs tgt.-pos. & P vs rate yield different result
⇒ P vs rate method used for analysis
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Horizontal scans

Preliminary results: horizontal scans

I (σL/σP )2 ∼ 0.1 for both blue & yellow (horizontal)
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Vertical scans

Preliminary results: vertical scans
I (σL/σP )2 ∼ 0.2− 0.3: much larger than horizontal
I Only very few measurements
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Comparison with Jet preliminary results (200 GeV)

I pC/Jet= 1.09 for blue and 1.05 for yellow
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Introduction QA Polarization profile Preliminary results Comparison with Jet Outlook

Summary

1. Problems with target motion/positioning

2. Both horizontal and vertical polarization profile:

I Still biggest source of systematic error in Run-6

I Need to monitor both horizontal & vertical profiles in the future

3. Results still preliminary (further checks on systematics),

but close to final. . .
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